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INTRODUCTION

When an airplane undergoes maneuvering, the motion includes

many modes: pitching, plunging, translation, acceleration

and deceleration. The aerodynamics of the first three types

of motion are well-documented. The effects of acceleration

and deceleration on the aerodynamic forces of a wing have not

been explored in depth because a specially designed unsteady

testing facility is necessary. The present water channel is

able to provide a wide variety of free stream conditions. - /

DESIGN PRINCIPLE

Careful planning is necessary, as there are many factors to

consider in designing an unsteady facility. The most impor-

tant operational parameter, perhaps, is the frequency of the

free stream velocity because the ratio of this frequency to

the characteristic frequency of the flow determines the "steadi-

ness". In an air facility, the characteristic frequency of the

flow is usually very high. It is difficult to match the free
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stream frequency to the characteristic frequency. Therefore,

we have chosen to build an unsteady water channel.

In unsteady aerodynamic studies, suction can be very high and

it is possible that cavitation can occur on the airfoil. In

order to reduce this possibility, the channel is built with a

vertical configuration. The water head helps to prevent cavi-

tation. In almost all water channel operations, air bubbles

are a troublesome problem. This problem is alleviated by

.? allowing the bubbles to travel upward to the water surface.

The other advantage of having a channel with a vertical con-

figuration is that the pump is operated in the designed high

efficiency range.

Since the free stream condition is versatile, we are able to

easily control the velocity as a function of time. This re-

quirement is achieved by operating the channel in the con-

stant head mode. In this case, the free stream velocity is

a function of the flow resistance. The nonlinear character-

istics of the pump do not interfere with the control. We

use a three-element gate [Fig. 1] to provide a variable flow-.

.W resistance. The top two pieces have the same opening patterns and

*are allowed to rotate over each other to determine the mean flow.

O.W The third element is a rotating gear also with the same pattern.

When the gear is driven by a stepping motor, the opening area

Aof the gate varies with time and so does the flow resistance.

Hence, the free stream speed can be controlled by using a

specific angular speed of the gear. ' .. --
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CONFIGURATION

The channel is 12' tall [Fig.2] with the test section measuring

18" x 18". The stagnation chamber has a dimension of 42" on

I -~ each side and connects to the test section through a fifth order

polynomial contraction [Fig. 3]. The maximum velocity is 3

ft/sec. Two velocity traces in the prototype channel are shown

* in Figs. 4 & 5. When the rotating gate has a constant angular

speed, the freestream speed has an irregular form [Fig. 4].

However, when the gate is controlled by a micro-processor, a

precise triangular waveform is achieved [Fig. 5].
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Fig. 4. Free stream velocity w.ith

* rotating gate at constant
angular speed.
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